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1
DELIVERY SYSTEMS FOR DELIVERING
FUNCTIONAL COMPOUNDS TO
SUBSTRATES AND PROCESSES OF USING
THE SAME

BACKGROUND OF DISCLOSURE

The present disclosure generally relates to delivery sys-
tems capable of delivering functional compounds to sub-
strates for use in products. More particularly, the present
disclosure relates to incorporating pharmaceutical and nutri-
tional compounds into substrates using a delivery system with
a carrier component comprising an ultrasonically energized
adsorbent. The ultrasonically energized adsorbent can adsorb
the desired functional compounds and bind the functional
compounds to the surface of the substrate.

Many consumer products on today’s market include func-
tional compounds to improve the product’s characteristics.
The functional compounds can be any material that acts upon
a substrate or otherwise provides a benefit once delivered to
the desired location. Examples of functional compounds that
may enhance the value of a product include pharmaceuticals
that are intended to be ingested, transferred transdermally, or
subcutaneously injected into a human or animal patient’s
body, vitamins and nutrients, and various other additives that
can be similarly introduced into or onto the body of a patient.

Additionally, non-pharmaceutical functional compounds
can be incorporated into consumer products to improve the
product’s overall value. For example, products whose use is
mainly for outdoors, such as deck furniture and automobile
covers, could benefit by having UV absorbing compounds
(UV absorbers) incorporated onto their surfaces. By absorb-
ing UV rays, these compounds could provide an outdoor
product having improved aesthetic properties and durability.

While the desire to incorporate these types of functional
compounds is known, the present methods for delivering the
functional compounds to products are expensive and com-
plex. Specifically, the present methods require the use of
complex chemical formulations and long, complex chemical
processes to incorporate the compounds into a delivery sys-
tem to facilitate the delivery of the compounds into or onto a
product.

Based on the foregoing, there is a need in the art for a
delivery system that can inexpensively and efficiently deliver
functional compounds to various consumer products. Addi-
tionally, it would be advantageous if the delivery system was
capable of affixing to the functional compounds, but capable
of readily releasing the compounds upon the occurrence of a
selected event or trigger.

SUMMARY OF THE DISCLOSURE

The present disclosure is directed to delivery systems
capable of delivering functional compounds into or onto sub-
strates for use in consumer products. Generally, the delivery
systems include a carrier component comprising an ultrasoni-
cally energized adsorbent and a functional compound. In one
embodiment, the functional compound is a pharmaceutical or
nutritional compound for use in a medicament to be used in or
on a human or animal patient’s body. In another embodiment,
the functional compound is a UV absorber for use in an
outdoor product such as deck furniture.

As such, the present disclosure is directed to a process of
delivering functional compounds to a substrate. The process
comprising: energizing an adsorbent with ultrasonic energy;
adsorbing at least one functional compound to the surface of
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the energized adsorbent to form a carrier component of a
delivery system; and contacting the carrier component with a
substrate.

The present disclosure is further directed to a delivery
system for delivering functional compounds to substrates.
The delivery system comprising a carrier compound compris-
ing an ultrasonically energized adsorbent and at least one
functional compound.

Other features of the present disclosure will be in part
apparent and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a schematic of one embodiment of an ultrasonic
treatment system for ultrasonically energizing an adsorbent;

FIG. 2 is a side view of an ultrasonic treatment chamber
comprising an ultrasonic waveguide assembly;

FIG. 3 is a longitudinal (e.g., vertical) cross-section of the
chamber of FIG. 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present disclosure is generally directed to a delivery
system for functional compounds and processes for using the
same. Functional compounds, as noted above, are any mate-
rial that acts upon a substrate or otherwise provides a benefit
once delivered to the desired location. In one embodiment,
the functional compounds can be any pharmaceutical and/or
nutritionally suitable substance that can provide a benefit to a
location on or within a patient’s body once delivered. As used
herein, the term “patient” refers to both human and non-
human patients. In another embodiment, the functional com-
pounds can be used to provide a benefit to an inanimate
substrate or product.

In accordance with the present disclosure, the delivery
system is generally directed to the construction of a carrier
component containing an energized adsorbent and one or
more functional compounds and use of such a carrier com-
ponent to selectively deliver the functional compounds con-
tained on the component to a substrate. More particularly, the
carrier component acts as a carrier for a functional compound.

Specifically, the energized adsorbent contained within the
carrier component provides a bonding site on the surface of
the component for a functional compound. The functional
compounds become adsorbed onto the surface of the ener-
gized adsorbent. Once the functional compound is bonded to
the energized adsorbent, the resulting carrier component can
then be used to deliver the functional compound to a particu-
lar location. The carrier component can be used as is, for
instance, or can be combined with a liquid, gel, or other
vehicle which may facilitate delivery of the component
depending upon the particular application. Such liquid and
gel vehicles are known to those skilled in the art. The carrier
component and/or vehicle can also be used in conjunction
with a drug delivery apparatus, such as a bandage or modified
tampon.

Various different adsorbents can be used in the present
disclosure. In one particularly preferred embodiment, the
adsorbent is alumina. Specifically, alumina powder alone or
alumina-containing beads/particles may be used, depending
upon the functional compound and the trigger for releasing it.
In one embodiment, the alumina is an alumina powder, pref-
erably a Brockmann [ activated aluminum oxide powder (also
referred to herein as activated alumina).

Activated alumina is manufactured by mild calcinations of
aluminum hydroxide (aluminum trihydrate, boehmite),
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which is an intermediate in the industrial production of alu-
minum from Bauxite. Specifically, it is precipitated from a
sodium aluminate solution. By heating the aluminum hydrox-
ide so obtained at temperatures around 500° C., approxi-
mately 33% (by weight) constitutional water is removed, and
the crystal structure of the boehmite remains intact.

Aluminas are hydrophilic and have high capacities. As
such, activated alumina could suitable capture anionic dyes
and surfactants, and chelate with many non-polar dyes. For
example, dyes with SO,—, CO,—, and PO,— substituents
can suitably bind to the surface of activated alumina. Addi-
tionally, structures having polyhydroxy groups such as 1,2-
dihydroxybenzene can suitably chelate with activated alu-
mina. Examples of polyhydroxy containing structures can
include, for example:

OH

OH HOY\rOH

A full range of standardized aluminas are available with
defined activities, pH values, and particles sizes. Activated
alumina can be characterized by its Brockmann activity (e.g.,
activity grades of I, I1, 111, IV, and V), which is measured using
the Brockmann and Schodder test disclosed in Brockmann &
Schodder, Ber. Dtsh. Chem. Ges., 74B, 73 (1941). Generally,
the activity grade is measured as follows: a standardized
volume of a pair of test dyes dissolved in a standard solvent is
applied to a standardized column, and after chromatographic
development, the activity grade is shown by whether the test
dyes separate or not. The test dye pairs that can be used are: (I)
azobenzene and p-methoxyazobenzene, (Ii) p-methoxya-
zobenzene and Sudan Yellow, (I1T) Sudan Yellow and Sudan
Red, (IV) Sudan Red and p-aminoazobenzene, and (V)
p-aminoazobenzene and p-hydroxyazobenzene. Specifically,
20 milligrams of each of the two dyes from the above dye
pairs is weighed into 50 milliliters of a solvent mixture con-
taining one part pure benzene and four parts pure petroleum
ether (boiling point 50-70° C.) to produce test dye solutions.
Ten milliliters of each test dye solution are then applied to the
top of a column containing 100-150 millimeters of the adsor-
bent to be tested. The columns are then eluted with 20 milli-
liters of eluent, which is the same mixture as used for the
solvent above. To determine the activity grade, the migration
distance of the test dye in front is measured. The activity
grade is then given by the number of the pair of test dyes, in
addition to the distance, in millimeters, from the top of the
column to the front of the foremost migrated dye. An acti-
vated alumina having a Brockmann I Activity is the most
reactive.

Brockmann I activated alumina can be converted to grades
of lower activity by simply adding water. Specifically, to
convert a Brockmann I activated alumina to a Brockmann II
activated alumina, 3% (by total weight activated alumina
powder) water is added to the Brockmann [ activated alumina.
To convert the grade I activated alumina to a grade III acti-
vated alumina, 6% (by total weight activated alumina pow-
der) water is added, for grade IV, 10% (by total weight acti-
vated alumina powder) water is added to the Brockmann I
activated alumina, and for grade V, 15% (by total weight
activated alumina powder) water is added.

Examples of suitable Brockmann I activated alumina pow-
ders are commercially available from CAMAG Scientific Inc.
(Wilmington, N.C.) and Sigma-Aldrich (St. Louis, Mo.).

In another embodiment, the alumina can be a particle such
as an alumina or silica bead or particle. The types of particles
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to be used depend on the functional compound and the trigger
for releasing it. For example, in one particular embodiment,
the alumina particles are activated alumina particles produced
from the activated alumina powder described above.

Another suitable alumina particle is an alumina particle
that can contain various other ingredients. In general, the
particle can contain any material that does not adversely
interfere with the ability of the functional compound to bond
to alumina. In this regard, at least a portion of the alumina
contained by the particle should be present on the surface of
the particle so that the alumina is available for adsorbing the
functional compound.

For example, in one embodiment, the alumina particles for
use in delivering the functional compounds are alumina sol
particles. Alumina sols are colloidal hydrous alumina that can
maintain a wide range of viscosities and are highly heat
resistant. Many different types of alumina sols are commer-
cially available with varying particle sizes. Of particular
advantage, alumina sols can be prepared that carry arelatively
strong positive surface charge or zeta potential. In this
embodiment, the particle that is reacted with the functional
compound contains primarily, and in some embodiments,
exclusively alumina. Examples of alumina particle materials
include Aluminasol-100 and Aluminasol-200, which are both
commercially available from Nissan Chemical America
(Houston, Tex.).

In another embodiment, the particle can contain a core
material coated with alumina. The alumina can form a con-
tinuous or a discontinuous coating over the particle. The core
material can be, for instance, an inorganic oxide, such as
silica. For example, in one embodiment, silica sols can be
used that contain silica nanoparticles that have an alumina
surface coating. Such sols are commercially available from
Nissan Chemical America (Houston, Tex.). The silica is
coated with alumina to provide stability to the sols over cer-
tain pH ranges. In fact, alumina coated silica sols may have
greater stability in some applications of the present disclosure
in comparison to pure alumina sols. Specific examples of
alumina coated particles with silica cores include SNOW-
TEX-AK®, available from Nissan Chemical America (Hous-
ton, Tex.) and Ludox CI®, available from Grace Davison
(Columbia, Md.).

When the alumina is in particle form, the particles have an
average particle size of from about 5 nanometers to less than
500 microns. More suitably, the alumina particles have an
average particle size of from about 10 nanometers to less than
1 micron, and even more suitably, from about 15 nanometers
to about 25 nanometers.

Other adsorbent materials are also suitable for use in the
present disclosure. Examples include activated carbon and
zeolites. Activated carbon is hydrophobic in nature and gen-
erally favors organic materials.

Generally, zeolites are hydrated alumino-silicate minerals
with porous structures. They are hydrophilic with polar, regu-
lar channels, and are typically used in air separation and
dehydration.

It has now been discovered that using an energized adsor-
bent provides for improved adsorption of the functional com-
pounds onto the surface of the adsorbent. Generally, it has
been found that an adsorbent that has been energized using
ultrasonic energy can more efficiently and more effectively
bind to functional compounds, allowing for an improved
delivery of these functional compounds to substrates. Spe-
cifically, by subjecting the adsorbent in the ultrasonic treat-
ment system to ultrasonic energy, microcavitation within the
fluid containing the functional compounds will occur. As the
small bubbles produced through microcavitation collapse or
oscillate, microconvective currents are produced, which
result in a flow of fluid in an otherwise stagnant zone. Addi-
tionally, the acoustic wave produced by the ultrasonic energy
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produces a pulsed bulk motion that further provides for fluid
agitation. The increased fluid flow produced by both the
microcavitation and the acoustic wave results in reducing the
thickness of the hydrodynamic boundary layer that surrounds
the adsorbent. This effect allows for improved mass transport
of the functional compounds in the fluid to the surface of the
adsorbent, allowing for a quicker, more effective adsorption.

The adsorbent can be energized with ultrasonic energy
using any means known in the art. For example, in one
embodiment, the ultrasonic energy is produced by an ultra-
sonic waveguide assembly including a horn assembly. In one
form, the horn assembly comprises an elongate, generally
cylindrical horn member. In general, the horn member may be
constructed of a metal having suitable acoustical and
mechanical properties. Suitable metals include aluminum,
monel, titanium, and some alloy steels. In one preferred
embodiment, the metal can be titanium-based material, such
as commercially pure titanium, or a titanium alloy (e.g.,
TicALV).

The waveguide assembly also suitably comprises a booster
coaxially aligned with and connected at an upper end thereof
to the lower end of the horn assembly. It is understood, how-
ever, that the waveguide assembly may comprise only the
horn assembly and remain within the scope of this disclosure.

A suitable ultrasonic drive system including at least an
exciter and a power source is connected to the booster (and
more broadly to the waveguide assembly) to energize the
waveguide assembly to mechanically vibrate ultrasonically.
Examples of suitable ultrasonic drive systems include a
Model 20A3000 system available from Dukane Ultrasonics
of St. Charles, I1l., and a Model 2000CS system available
from Hermann Ultrasonics of Schaumberg, I11.

In one embodiment, the drive system is capable of operat-
ing the waveguide assembly at a frequency in the range of
from about 15 kHz to about 100 kHz, more suitably in the
range of from about 15 kHz to about 60 kHz, even more
suitably in the range of from about 20 kHz to about 40 kHz,
and even more suitably at a frequency of about 35 kHz. Such
ultrasonic drive systems are well known to those skilled in the
art and need not be further described herein.

In addition to the energized adsorbent, the carrier compo-
nent of the delivery system of the present disclosure includes
one or more functional compounds. The functional com-
pounds for use in the present disclosure can include any
suitable pharmaceutical, nutritional, or other functional com-
pound containing at least one of the following moieties:
SO;—, CO,—, PO;—,

(T OH, on oH , 0 o
(T NRR/, oH NRR/, o\ OH,
k) M

R\

O OH (0] N OH
M )H/ NH, )\)\
OH

)YOH HO\(YOH
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a tautomer thereof, or a functional equivalent thereof,
wherein R and R' independently comprise a hydrogen, an
alkyl group, or an aryl group. As used herein, a “functional
equivalent” to one of the above moieties refers to functional
compounds that include similar reactive groups as shown
above, but which are not positioned on the molecule exactly
as shown above and yet will bond with the energized adsor-
bent in a similar manner. Furthermore, it should be under-
stood that various additional R groups may be included with
the above moieties as long as the R groups do not interfere
with the bond that is formed with the energized adsorbent.

The above moieties may form a relatively strong bond to
the energized adsorbent surface. Without wishing to be bound
by theory, it is believed that the above moieties form a biden-
tate ligand bonding system with the adsorbent’s surfaces.
Specifically, it is believed that the adsorbent forms a covalent
bond and a coordinate bond with the above moieties. Further-
more, it is believed that a surface reaction occurs causing the
functional compound to remain on the surface of the ener-
gized adsorbent (unless triggerably released) and form a coat-
ing thereon. The functional compound can cover the entire
resulting adsorbent-containing carrier component or can be
located at particular locations on the carrier component. Fur-
ther, it should be understood that the components of the
present disclosure can contain more than one functional com-
pound so as to deliver multiple treatments to a substrate.

Generally, the functional compounds include pharmaceu-
ticals, xenobiotics, therapeutic agents, nutritional agents,
anti-viral agents, anti-microbial agents, UV absorbers, and
signal agents. “Xenobiotics” is a general term used to
describe any chemical interacting with an organism that does
not occur in the normal metabolic pathways of that organism.

One suitable example of a therapeutic compound that may
be used in the present delivery system is hydrocortisone.
Hydrocortisone is a natural anti-inflammatory hormone of the
glucocorticoid family of hormones produced by the adrenal
cortex. Hydrocortisone has the structural formula:

Another suitable pharmaceutical that can be used as the
therapeutic compound of the delivery system is an anti-mi-
crobial. One particularly preferred anti-microbial is tetracy-
cline, which is an antibiotic substance produced by Strepto-
myces spp. Tetracycline has the structural formula:

~

OH N

oH
NH,

OH (6] OH (6] (6]
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Another preferred anti-microbial is an antifungal. _continued
Examples of antifungal compounds include salicylanilide on 0 oH

and albofungin, which have the structural formulas: o

H

N O
OH O
OH 10 Quinalizarin
OH O OH

Salicylanilide

15
HO
HO
20
OH ¢} OH
Hypericin
25

Other suitable pharmaceuticals can include Baicalin
Hydrate, Baicalein, and Daunorubicin, which have been used
as anticancer drugs by blocking proliferation and increasing

Albofungin apoptosis in human umbilical vascular endothelial cells. The
30 formulas for these pharmaceuticals are shown below:
In yet another embodiment, antiviral compounds can be CO.H oH o
used as the functional compounds in the delivery system of
the present disclosure. For example, in one particular embodi- HO HO

.. . . (6]
ment, the antiviral compound is an anthraquinone dye.

Anthraquinone dyes include, for example, Acid Green 25
(also referred to as Alizarine Cyanine Green F), Alizarin Red HO Y Y
S, Quinalizarin, and Hypericin. The structural formulas for

these anthraquinone dyes are shown below: o
40 Baicalin Hydrate
ONa OH (€]
O\S/%O HO
45

HO (6]

NH
O O
50 Baicalein
AN 0 OH 0
O (0] OH
5
7N,
NaO 55

Acid Green 25
(¢] OH

OCH; O OH (6]

oH
60 K
| | NIL
SO;Na
0 oH

65
Alizarin Red S Daunorubicin
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Still additional pharmaceutical compounds which may be
used in the delivery system of the present disclosure include
salicylamide, salacetamide, and salsalate, which are analge-
sic, antipyretic, and anti-inflammatory compounds. The
structural formulas for these compounds are provided below:

O

NH,

OH

Salicylamide

N

(6] OH

Salacetamide
HO (0]

Salsalate

In addition to pharmaceutical compounds, nutritional com-
pounds can be used as the functional compounds in the deliv-
ery system. Examples of nutritional compounds for use in the
delivery system can include ascorbic acid (Vitamin C) and
aspartame (phenylalanine). Ascorbic acid and aspartame
have the structural formulas:

O
HO
O
HO
OH
Ascorbic Acid
HO
O

NH,

Aspartame

In another embodiment, the delivery system delivers ultra-
violet (UV) absorbers to a substrate. UV absorbers are com-
monly used in products to slow down the product breakdown
caused by exposure to sunlight. For example, UV absorbers
can be used in products such as automobile covers, boat
covers, deck furniture, and the like. UV absorbers are also
useful in sunscreens and sunblocks. For example, suitable UV
absorbers can include hydroxybenzophenones, which act as
UV blockers by adsorbing the radiation and emitting the
energy by an alternative pathway. Particularly preferred
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hydroxybenzophenones are 2,2'-dihydroxybenzophenone
and 2,2'4,4'-tetrahydroxybenzophenone, whose chemical
structures are shown below:

2, 2'-dihydroxybenzophenone
OH e} OH

HO | | OH

2,2, 4, 4-tetrahydroxybenzophenone

Other suitable UV absorbers include radical inhibitors.
These compounds terminate polymer free radicals and stop
the further breakdown of the polymer chains.

Of particular advantage, in many embodiments, it has also
been discovered that a functional compound can be bonded to
the energized adsorbent without significantly impacting the
positive surface charge of the energized adsorbent, which can
be measured as zeta potential. The term “zeta potential” as
used herein means a potential gradient that arises across an
interface. This term particularly refers to the potential gradi-
ent that arises across the interface between the Stern layer in
contact with the carrier component of the delivery system of
the present disclosure and the diffuse layer surrounding the
component. Zeta potential measurements can be taken using,
for example, a Zetapals instrument which is commercially
available from the Brookhaven Instrument Corporation
(Holtsville, N.Y.). In general, zeta potential measurements
can be conducted by adding one to three drops of a sample
into a cuvet containing 1 mM KClI solution, and using the
instrument’s default functions preset for aqueous solutions.

Thus, once the energized adsorbent is bonded to the func-
tional material, the resulting carrier component continues to
maintain a relatively strong positive charge. For example,
carrier components made according to the processes set forth
below can have a zeta potential of greater than 20 mV, suitably
greater than 30 mV, and even more suitably, greater than 40
mV. By remaining positively charged, the components are
well suited for being affixed to substrates that carry a negative
surface charge through coulombic attraction. Depending
upon the type of carrier component produced and the surface
of the substrate, the bond of the carrier component in some
embodiments can be relatively permanent and substantive.
Consequently, the delivery system of the present disclosure
can be used to affix functional compounds to various sub-
strates without the use of chemical binders or other attach-
ment structures. As an example, the carrier component of the
delivery system can include along its surface a pharmaceuti-
cal functional compound, and yet the carrier component may
still retain sufficient positive charge to allow it to be attached
to a negatively charged bandage or other topically contacting
substrate. Then upon the occurrence of a specific chemical or
environmental stimulus, the functional compound contained
on the carrier component can be selectively released to the
body of a patient, and the carrier components will remain
affixed to the bandage.

In a further embodiment, a signal agent, such as a fragrance
or perfume, may be used by itself or in conjunction with one
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of the other functional compounds described above in the
carrier component of the delivery system to both treat a sub-
strate, and also to provide an indication to the consumer of the
effectiveness of such treatment or the occurrence of a particu-
lar event. By way of example, a fragrance may be adsorbed to
one bonding site of the energized adsorbent and an antibiotic
may be adsorbed to a second bonding site of the energized
adsorbent to form the carrier component of the delivery sys-
tem. The delivery system can then be delivered to an infected
site. Upon removal of the infection, and the return to a more
normal acidic environment, the fragrance may be released,
thereby providing an indication of the effective treatment of
the infection.

One particularly preferred fragrance is the alkaline fra-
grance, salicyladehyde, which has the formula:

OH

Salicylaldehyde

Other suitable signal agents can include dyes such as car-
minic acid and the like.

In a further example, the signal can be used to generate an
indication of a particular event, such as the release of body
fluids or exudates as in a bandage or a personal care product,
such as a feminine care product or child care diaper product.
For example, carminic acid on energized alumina would be
released and change color when exposed to cadaverine,
putrescine, or ammonia, which are indications of wound
infection.

The carrier components used in the delivery system of the
present disclosure can be present in various forms, shapes,
and sizes depending upon the desired result. For example, the
carrier components can be a sphere, a crystal, a rod, a disk, a
tube, or a string of particles. The size of the carrier component
can also vary dramatically. For instance, in one embodiment,
the carrier component can have an average dimension of less
than 1 millimeter. More suitably, the carrier component can
have an average dimension of less than 500 microns, and even
more suitably, of less than 100 microns. As used herein, the
average dimension of the carrier component refers to the
average length, width, height, or diameter of the carrier com-
ponent.

As noted above, the present disclosure is also directed to
processes of using the delivery system. Generally, the process
for using the delivery system to deliver functional compounds
to a substrate comprises: (1) energizing an adsorbent with
ultrasonic energy; (2) adsorbing at least one functional com-
pound to the surface of the energized adsorbent to form a
carrier component for a delivery system; and (3) contacting
the carrier component in the delivery system with a substrate.

To begin the process, an adsorbent is energized using ultra-
sonic energy. Specifically, in one suitable embodiment, an
alumina powder or alumina-containing particle as described
above is contacted with ultrasonic energy produced by the
ultrasonic waveguide assembly as described above.

The energized adsorbent is then contacted with one or more
functional compounds to adsorb the functional compound to
the surface of the energized adsorbent. In one embodiment,
the adsorption of the functional compound to the adsorbent
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takes place in a batch process. When adsorbing using a batch
process, one or more functional compounds are dissolved in
an aqueous solution with stirring at a rate of from about 5
revolutions per minute (rpm) to about 800 rpm in a storage
tank. Suitably, the aqueous solution contains from about 0.1%
(by weight) to about 50% (by weight) functional compounds
with the balance being water. The aqueous solution typically
has a temperature of from about 20° C. to about 90° C. and a
pH of from about 2.0 to about 10. An ultrasonic horn, such as
described above, is placed into this tank to activate the adsor-
bent. Adsorbent is then slowly added and activated with ultra-
sonic energy produced by the ultrasonic horn operating at a
frequency of from about 15 kHz to about 100 kHz, more
suitably at a frequency of from about 15 kHzto about 60 kHz,
and even more suitably, from about 20 kHz to about 40 kHz.
The mixture is stirred for about 10 seconds to about 10 min-
utes, suitably from about 5 minutes to about 10 minutes, to
allow the functional compounds to bind to the surface of the
energized adsorbent.

In another embodiment, the energizing of the adsorbent
and the adsorption of the functional compound to the adsor-
bent takes place in a continuous ultrasonic treatment system.

FIG. 1 provides an ultrasonic treatment system, generally
indicated at 200, to energize adsorbents in accordance with
one embodiment of the present disclosure. Generally, the
ultrasonic treatment system 200 comprises an ultrasonic
treatment chamber 10. As illustrated in FIG. 1, the ultrasonic
treatment chamber 10 is generally elongate and is oriented
vertically (e.g., a longitudinal axis of the chamber extends
vertically) to define an inlet end 30 (a lower end in the orien-
tation of the illustrated embodiment) and an outlet end 38 (an
upper end in the orientation of the illustrated embodiment).
The system 200 is configured such that fluid (e.g., aqueous
solution containing functional compounds to be adsorbed to
an adsorbent and added to a substrate) enters the treatment
chamber 10 generally at the inlet end 30 thereof, flows gen-
erally longitudinally within the chamber 10 (e.g., upward in
the orientation of the illustrated embodiment) and exits the
chamber 10 generally at the outlet end 38 of the chamber 10.

The terms “upper” and “lower” are used herein in accor-
dance with the vertical orientation of the ultrasonic treatment
chamber illustrated in the various drawings and are not
intended to describe the necessary orientation of the chamber
in use. That is, while the chamber is most suitably oriented
vertically, with the outlet end of the chamber above the inlet
end as illustrated in the various drawings, it is understood that
the chamber may be oriented with the inlet end above the
outlet end, or it may be oriented other than in a vertical
orientation and remain within the scope of this disclosure.
The terms “axial” and “longitudinal” refer directionally
herein to the lengthwise direction of the chamber (e.g., end-
to-end such as the vertical direction in the illustrated embodi-
ments). The terms “transverse,” “lateral,” and “radial” refer
herein to a direction normal to the axial (e.g., longitudinal)
direction. The terms “inner” and “outer” are also used in the
reference to a direction transverse to the axial direction of the
ultrasonic treatment chamber, with the term “inner” referring
to a direction toward the interior of the chamber (e.g., toward
the longitudinal axis of the chamber) and the term “outer”
referring to a direction toward the exterior of the chamber
(e.g., away from the longitudinal axis of the chamber).

The inlet end 30 may be produced using any suitable mate-
rial, such as metal or plastic, and may be shaped in a variety
of'shapes. The inlet end 30 of the ultrasonic treatment cham-
ber 10 is in fluid communication with a suitable storage stir
tank, generally indicated at 27, that is operable to direct fluid
60 to, and more suitably through, the chamber 10.
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With reference now to FIG. 2, the ultrasonic treatment
chamber 10 comprises an elongate, generally tubular column
14 having longitudinally opposite ends defining an interior
space of the chamber 10 through which fluid delivered to the
chamber 10 flows from the inlet end 30 to the outlet end 38
thereof. The column 14 is typically of a length that the func-
tional compounds in the aqueous solution and adsorbent have
sufficient residence time so that substantially complete
adsorption of the functional compounds to the surface of the
adsorbent is effectuated. For example, in one embodiment,
the column 14 is suitably from about 6 to about 10 inches in
length. More suitably, the column 14 is about 8.6 inches in
length.

The column 14 general defines, at leastin part, a sidewall of
the chamber 10. As illustrated in FIG. 2, the column 14 has an
inlet port 32 formed therein through which the fluid to be
treated within the chamber 10 is delivered to the interior space
16 thereof. In the illustrated embodiment, the column 14
further comprises an inlet collar 34 that is connected to and
mounted on one end of the sidewall to generally define the
inlet end 30 of the chamber 10. The sidewall (e.g., defined by
the elongate tubular column) of the chamber 10 has an inner
surface that together with the collar 34 and outlet end 38
define the interior space 16 of the chamber 10. In the illus-
trated embodiment, the sidewall 14 is suitably generally
annular in cross-section. However, it is contemplated that the
cross-section of the chamber sidewall 14 may be other than
annular, such as polygonal or another suitable shape, and
remains within the scope of this disclosure. The chamber
sidewall 14 of the illustrated chamber 10 is suitably con-
structed of a transparent material, although it is understood
that any suitable material may be used as long as the material
is compatible with the adsorbent to be energized, the pressure
at which the chamber is intended to operate, and other envi-
ronmental conditions such as temperature.

With particular reference to FIG. 2, the collar 34 defining
the inlet end 30 of the chamber 10 is generally annular and has
at least one, and more suitably a plurality of inlet ports (e.g.,
shown as 32, 51, and 53 in FIG. 2) formed therein for receiv-
ing fluid into the interior space 16 of the chamber 10. At least
one inlet port is oriented generally tangentially relative to the
annular collar 34 so that fluid flows into the interior space 16
of the chamber 10 generally tangentially thereto to impart a
swirling action to the fluid as it enters the chamber 10. More
suitably, in the illustrated embodiment, a pair of inlet ports 51
and 53 is arranged in parallel alignment with each other and
extends generally tangentially relative to the annular collar,
with one port being designated herein as the inner inlet port 51
and the other port being designated the outer inlet port 53.

The ultrasonic waveguide assembly such as described
above and indicated in FIG. 2 at 20 extends longitudinally
within the interior space 16 of the chamber 10 to ultrasoni-
cally energize the adsorbent, generally depicted at 100,
located within the interior space 16 of the chamber 10 as
described below. In particular, the waveguide assembly 20 of
the illustrated embodiment extends longitudinally from the
lower or inlet end 30 of the chamber 10 up into the interior
space 16 thereofto a terminal end of the waveguide assembly.
More suitably, the waveguide assembly 20 is connected,
either directly or indirectly, to the chamber column 14 as will
be described later herein.

The ultrasonic waveguide assembly 20 suitably comprises
an elongate horn assembly such as described above and gen-
erally indicated at 22, disposed entirely within the interior
space 16 of the column, e.g., for complete submersion within
the fluid being treated within the chamber 10, and more
suitably it is disposed coaxially with the chamber sidewall 14.
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The horn assembly 22 has an outer surface that together with
the inner surface of the sidewall 14 defines the flow path
within the interior space 16 of the chamber 10 along which
fluid and the functional compounds to be adsorbed flow past
the horn assembly 22 within the chamber 10 (this portion of
the flow path being broadly referred to herein as the ultrasonic
treatment zone). The horn assembly 22 has an upper end
defining a terminal end of the horn assembly 22 (and therefore
the terminal end of the waveguide assembly) and a longitu-
dinally opposite lower end. The waveguide assembly 20 of
the illustrated embodiment also comprises a booster 24 coaxi-
ally aligned with and connected at an upper end thereof'to the
lower end of the horn assembly 22. It is understood, however,
that the waveguide assembly 20 may comprise only the horn
assembly 22 and remain within the scope of this disclosure. It
is also contemplated that the booster 24 may be disposed
entirely exterior of the chamber column 14, with the horn
assembly 22 connected directly to the chamber column 14
without departing from the scope of this disclosure.

As further illustrated in FIG. 3, the waveguide assembly
20, and more particularly the booster 24, is suitably con-
nected to the chamber column 14, e.g., to the tubular column
defining the chamber sidewall, at the upper end thereof by a
mounting member 79 that is configured to vibrationally iso-
late the waveguide assembly 20 from the ultrasonic treatment
chamber column 14. That is, the mounting member 79 inhib-
its the transfer of longitudinal and transverse (e.g., radial)
mechanical vibration of the waveguide assembly 20 to the
chamber column 14 while maintaining the desired transverse
position of the axis of the waveguide assembly 20 (and in
particular the horn assembly 22) within the interior space 16
of'the chamber column 14 and allowing both longitudinal and
radial displacement of the horn assembly 22 within the cham-
ber column 14.

As one example, the mounting member 79 of the illustrated
embodiment generally comprises an annular outer segment
189 extending transverse to the waveguide assembly 20 in
transversely spaced relationship therewith, and a flange mem-
ber 191 interconnecting the outer segment 189 to the wave
guide assembly 20. While the flange member 191 and trans-
verse outer segment 189 of the mounting member 79 extend
continuously about the circumference of the waveguide
assembly 20, it is understood that one or more of these ele-
ments may be discontinuous about the waveguide assembly
20 such as in the manner of wheel spokes, without departing
from the scope of this disclosure. The outer segment 189 of
the mounting member 79 is particularly configured to seat
down against a shoulder formed by the inlet collar 34.

As seen best in FIG. 3, the internal cross-sectional dimen-
sion (e.g., internal diameter) of the collar 34 is stepped out-
ward as the collar 34 extends longitudinally downward away
from the chamber sidewall 14 to accommodate the flange
member 191. In one particularly suitable embodiment, the
collar 34 is sufficiently sized to be transversely spaced from
the flange member 191 to define a generally annular gap 195
therebetween in which liquid delivered to the chamber 10 via
the inlet ports of the collar 34 enters the interior space 16 of
the chamber 10. This annular gap 195 further facilitates the
swirling action of the effluent upon entry into the chamber via
the collar inlet ports.

The mounting member 79 is suitably sized in transverse
cross-section so that at least an outer edge margin of the outer
segment 189, and more suitably a substantial transverse por-
tion of the outer segment is seated on the shoulder formed on
the collar 34. A suitable fastening system, such as a bolt and
nut (not shown) arrangement secures the outer segment 189
of the mounting member 79 to the shoulder formed by the
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collar 34 to thereby connect the booster 24 (and more broadly
to connect the waveguide assembly 20) to the chamber col-
umn 14.

The flange member 191 may suitably be constructed rela-
tively thinner than the outer segment 189 of the mounting
member 79 to facilitate flexing and/or bending of the flange
member 191 in response to ultrasonic vibration of the
waveguide assembly 20. As an example, in one embodiment
the thickness of the flange member 191 may be in the range of
about 0.2 mm to about 5 mm, and more suitably about 2.5
mm. The flange member 191 of the illustrated mounting
member 79 suitably has an inner transverse component con-
nected to the waveguide assembly 20 and extending generally
transversely outward therefrom but inward of the outer seg-
ment 189 of the mounting member 79, and an axial, or lon-
gitudinal component interconnecting the transverse inner
component with the outer segment 189 of the mounting mem-
ber 79 and together with the transverse inner component
generally forming a generally L-shaped cross-section of the
flange member 191. It is contemplated, however, that the
flange member may instead have a generally U-shaped cross-
section or other suitable cross-sectional shape such as an
H-shape, an I-shape, an inverted U-shape and the like and
remain within the scope of this disclosure. Additional
examples of suitable mounting member configurations are
illustrated and described in U.S. Pat. No. 6,676,003, the entire
disclosure of which is incorporated herein by reference to the
extent it is consistent herewith.

The longitudinal component of the illustrated flange mem-
ber 191 is suitably cantilevered to the transverse outer seg-
ment 189 and to the transverse inner component of the flange,
while the inner component of the flange is cantilevered to the
waveguide assembly 20. Accordingly, the flange member 191
is capable of dynamically bending and/or flexing relative to
the outer segment 189 of the mounting member 79 in
response to transverse vibratory displacement of the inner
segment 187 of the mounting member 189 to thereby isolate
the chamber column 14 from transverse and radial displace-
ment of the waveguide assembly 20.

While in the illustrated embodiment the transverse outer
segment 189 of the mounting member 79 and the transverse
inner component of the flange member 191 are disposed
generally at longitudinally offset locations relative to each
other, it is understood that they may be disposed at generally
the same location (e.g., where the flange member is generally
U-shaped in cross-section) or at locations other than those
illustrated in FIG. 3) without departing from the scope of this
disclosure.

In one particularly suitable embodiment the mounting
member 79 is of single piece construction. Even more suit-
ably the mounting member 79 may be formed integrally with
the booster 24 (and more broadly with the waveguide assem-
bly) as illustrated in FIG. 3. However, it is understood that the
mounting member 79 may be constructed separate from the
waveguide assembly 20 and remain within the scope of this
disclosure. Itis also understood that one or more components
of the mounting member 79 may be separately constructed
and suitably connected or otherwise assembled together.

In one suitable embodiment the mounting member 79 is
further constructed to be generally rigid (e.g., resistant to
static displacement under load) so as to hold the waveguide
assembly 20 in proper alignment within the interior space 16
of'the chamber 10. For example, the rigid mounting member
in one embodiment may be constructed of a non-elastomeric
material, more suitably metal, and even more suitably the
same metal from which the booster (and more broadly the
waveguide assembly) is constructed. The term rigid is not,

20

25

35

40

45

55

16

however, intended to mean that the mounting member is
incapable of dynamic flexing and/or bending in response to
ultrasonic vibration of the waveguide. In other embodiments,
the rigid mounting member may be constructed of an elasto-
meric material that is sufficiently resistant to static displace-
ment under load but is otherwise capable of dynamic flexing
and/or bending in response to ultrasonic vibration of the
waveguide assembly. While the mounting member 79 illus-
trated in FIG. 3 is constructed of a metal, and more suitably
constructed of the same material as the booster, it is contem-
plated that the mounting member may be constructed of other
suitable generally rigid materials without departing from the
scope of this disclosure.

A suitable ultrasonic drive system such as described above
and including at least an exciter 26 and a power source 28 is
disposed exterior of the chamber 10 and connected to the
booster 24 (and more broadly to the waveguide assembly 20)
to energize the waveguide assembly 20 to mechanically
vibrate ultrasonically. Examples of suitable ultrasonic drive
systems include a Model 20A3000 system available from
Dukane Ultrasonics of St. Charles, 111., and a Model 2000CS
system available from Herrmann Ultrasonics of Schaumberg,
1.

In one embodiment, the drive system is capable of operat-
ing the waveguide assembly at a frequency in the range of
from about 15 kHz to about 100 kHz, more suitably in the
range of from about 15 kHz to about 60 kHz, even more
suitably in the range of from about 20 kHz to about 40 kHz,
and even more suitably at a frequency of about 20 kHz. Such
ultrasonic drive systems are well known to those skilled in the
art and need not be further described herein.

With particular reference to FIG. 2, the horn assembly 22
comprises the elongate, generally cylindrical horn member
having an outer surface, and two or more agitating members
connected to the horn member and extending at least in part
transversely outward from the outer surface of the horn mem-
ber in longitudinally spaced relationship with each other. In
the illustrated embodiment, the agitating members comprise
a series of six washer-shaped rings 40, 42, 44, 46, 48, and 50
that encircle the horn member in longitudinally spaced rela-
tionship with each other and radially outward from the outer
surface of the horn member. It is understood, however, that
the agitating members need not each be continuous about the
circumference of the horn member. For example, the agitating
members may suitably instead take the form of spokes, fins or
other discrete structural members that extend transversely
outward from the outer surface of the horn member.

As one example of the relative spacing between the rings,
the horn member suitably has a length of about 5.25 inches
(133.4 mm). One ofthe rings is disposed adjacent the terminal
end of the horn member (and hence of the waveguide assem-
bly), and more suitably is longitudinally spaced approxi-
mately 0.063 inches (1.6 mm) from the terminal end of the
horn member. The rings are each about 0.125 inches (3.2 mm)
in width and are longitudinally spaced from each other (be-
tween facing surfaces of the rings) a distance of about 0.875
inches (22.2 mm).

Itis understood that the number of agitating members (e.g.,
the rings in the illustrated embodiment) may be less than or
more than six without departing from the scope of this dis-
closure. It is also understood that the longitudinal spacing
between the agitating members may be other than as illus-
trated in FIG. 2 and described above (e.g., either closer or
spaced further apart). While the rings illustrated in FIG. 2 are
equally longitudinally spaced from each other, it is alterna-
tively contemplated that where more than two agitating mem-
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bers are present the spacing between longitudinally consecu-
tive agitating members need not be uniform to remain within
the scope of this disclosure.

In particular, the locations of the agitating members are at
least in part a function of the intended displacement of the
agitating members upon vibration of the horn member. For
example, in the illustrated embodiment the horn member has
anodal region 52 located generally longitudinally centrally of
the horn member (e.g., between the third and fourth rings). As
used herein, the “nodal region” of the horn member refers to
a longitudinal region or segment of the horn member along
which little (or no) longitudinal displacement occurs during
ultrasonic vibration of the horn member and transverse (e.g.,
radial in the illustrated embodiment) displacement of the horn
member is generally maximized. Transverse displacement of
the horn member suitably comprises transverse expansion of
the horn member but may also include transverse movement
(e.g., bending) of the horn member.

In the illustrated embodiment, the configuration of the horn
member is such that the nodal region 52 is particularly defined
by a nodal plane (i.e., a plane transverse to the horn member
at which no longitudinal displacement occurs while trans-
verse displacement is generally maximized). This plane is
also sometimes referred to as a nodal point.

Accordingly, agitating members 40 and 50 (e.g., in the
illustrated embodiment, rings) that are disposed more distally
from the nodal region of the horn member will experience
primarily axial (e.g., longitudinal) displacement while agitat-
ing members 46 an 48 that are nearer to the nodal region 52
will experience an increased amount of transverse displace-
ment and a decreased amount of axial displacement relative to
the longitudinally most distal agitating members. It is under-
stood that the horn member may be configured so that the
nodal region is other than longitudinally centrally located on
the horn member without departing from the scope of this
disclosure.

Still referring to FIG. 2, the agitating members are suffi-
ciently sized in thickness and transverse length (i.e., the dis-
tance that the agitating member extends transversely outward
from the outer surface of the horn member) to facilitate
dynamic flexing/bending of the agitating members in
response to the ultrasonic vibration of the horn member. In
one suitable embodiment, a ratio of the transverse length of
the agitating member to the thickness of the agitating member
is in the range of about 2:1 to about 6:1. As one example, the
rings each extend transversely outward from the outer surface
of the horn a length of about 0.5 inches (12.7 mm) and the
thickness of each ring is about 0.125 inches (3.2 mm), so that
the ratio of transverse length to thickness of each ring is about
4:1. It is understood, however that the thickness and/or the
transverse length of the agitating members may be other than
as described above without departing from the scope of this
disclosure. Also, while the rings of the illustrated embodi-
ment each have the same transverse length and thickness, it is
understood that the agitating members may have different
thicknesses and/or transverse lengths.

The transverse length of the agitating member also at least
in part defines the size (and at least in part the direction) of the
flow path along which effluent in the interior space 16 of the
chamber column 14 flows past the horn assembly 22. For
example, the horn member of one embodiment has a radius of
about 0.875 inches (22.2 mm) and the transverse length of
each ring is, as discussed above, about 0.5 inches (12.7 mm).
The radius of the inner surface of the column sidewall is
approximately 1.75 inches (44.5 mm) so that the transverse
spacing between each ring and the inner surface of the column
sidewall is about 0.375 inches (9.5 mm). It is contemplated
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that the spacing between the horn member outer surface and
the inner surface of the chamber column sidewall and/or
between the agitating members and the inner surface of the
chamber column sidewall may be greater or less than
described above without departing from the scope of this
disclosure.

In general, the horn member may be constructed of a metal
having suitable acoustical and mechanical properties. Suit-
able metals include aluminum, monel, titanium, and some
alloy steels. In one preferred embodiment, the metal can be
titanium-based material, such as commercially pure titanium,
oratitanium alloy (e.g., TicAl, V). Itis also contemplated that
all or part of the horn member may be coated with another
metal. In one particularly suitable embodiment, the agitating
members are constructed of the same material as the horn
member, and are more suitably formed integrally with the
horn member. In other embodiments, one or more of the
agitating members may instead be formed integrally with the
horn member. In other embodiments, one or more of the
agitating members may instead be formed separate from the
horn member and connected thereto to form the horn assem-
bly.

In one embodiment, a baffle assemble (not shown) can be
disposed within the interior space of the chamber column, and
in particular generally transversely adjacent the inner surface
of the sidewall and in generally transversely opposed rela-
tionship with the horn assembly. The baffle assemble com-
prises one or more baffle members disposed adjacent the
inner surface of the column sidewall and extending at least in
parttransversely inward from the inner surface of the sidewall
toward the horn assembly. The baffle members can facilitate
the flow of effluent over the agitating members of the horn
assembly. A suitable baffle assemble is described more fully
in co-pending application, Reference No. K-C 64122562
(KCC 5091), whichis hereby incorporated by reference to the
extent it is consistent herewith.

To begin the adsorption process in the ultrasonic treatment
chamber, one or more desired functional compounds (not
shown) are added to a stir tank 27 and dissolved in an aqueous
solution with stirring at a speed of from about 50 rpm to about
800 rpm. Suitably, the aqueous solution contains from about
0.1% (by weight solution) to about 50% (by weight solution)
functional compounds. The aqueous solution typically is at a
temperature of from about 20° C. to about 90° C. and a pH of
from about 2.0 to about 10. Referring to FIG. 1, once dis-
solved, the fluid 60 is introduced through the inlet end 30 of
the ultrasonic treatment chamber 10 of the ultrasonic treat-
ment system 200. The aqueous solution containing the func-
tional compounds is introduced into the ultrasonic treatment
chamber at a flow rate of from about 100 milliliters/minute to
about 20 liters/minute. More suitably, the aqueous solution is
introduced into the ultrasonic treatment chamber at a flow rate
of from about 0.5 liters/minute to about 6 liters/minute.

Typically, the ultrasonic treatment system 200 uses a pump
62 to pump the fluid 60 from the stir tank 27 to the inlet end 30
of'the ultrasonic treatment chamber 10 of the ultrasonic treat-
ment system 200. Suitable pumps for use in pumping the
aqueous solution from the stir tank to the inlet end of the
ultrasonic treatment chamber can include, for example, dia-
phragm pumps, peristaltic pumps, centrifugal pumps, and
magnetically coupled gear pumps. In one particularly pre-
ferred embodiment, the pump is a magnetically coupled gear
pump, manufactured by Micropump Corporation (Vancou-
ver, Wash.), operating at a fluid flow rate of from about 0.1
liters/minute to about 6.0 liters/minute.

In one embodiment, the ultrasonic treatment system 200
comprises a flow control valve 122 as shown in FIG. 1. The
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flow control valve 122 suitably is a needle valve or ball valve
and is used to regulate the flow rate of the fluid (e.g., aqueous
solution containing functional compounds) pumped using
pump 62 into the ultrasonic treatment chamber 10. Particu-
larly, the flow control valve is advantageous if the pump
discharge flow rate is greater than the desired flow rate into
the chamber. Suitable flow control valves are commercially
available from Parker (Cleveland, Ohio).

In another embodiment, the ultrasonic treatment system
can comprise one or more pressure gauges. For example, in
FIG. 1, pressure gauges 124 and 126 are used in the ultrasonic
treatment system 200. The pressure gauges can be used to
monitor the pressure drop across the strainer units described
more fully below. Suitable pressure gauges are commercially
available from Ashcroft (Stratford, Conn.).

Additionally, the fluid can be run through one or more
strainer units disposed along the flow path of the stirred
solution from the pump to the inlet of the chamber to filter out
particulate material from the solution before it reaches the
chamber. For example, as shown in FIG. 1, the solution 60 is
run through a first strainer unit 80, constructed to filter out
particles sized from about 30 microns to about 50 microns,
more suitably about 40 microns, followed by a second
strainer unit 82 downstream from the first strainer unit 80
constructed to filter out particles sized from about 5 microns
to about 20 microns, more suitably about 15 microns. It is
understood, however, that only one, or more than two strainer
units may be used, or that the strainer units may be omitted
altogether, without departing from the scope of this disclo-
sure.

Once the fluid is introduced into the ultrasonic treatment
chamber of the ultrasonic treatment system, the fluid is con-
tacted with the energized adsorbent. Specifically, as the fluid
flows through the ultrasonic treatment system, the functional
compounds in the fluid are adsorbed to the surface of the
energized adsorbent. The fluid is typically contacted with the
energized adsorbent for a time period of from about 10 sec-
onds to about 10 minutes, more suitably, from about 5 min-
utes to about 10 minutes.

After the compounds have been adsorbed to the energized
adsorbent 100, the fluid 90, containing the produced carrier
component, exits the ultrasonic treatment chamber 10
through an outlet end 38. The outlet end 38 is capable of
letting the fluid 90 escape from the chamber 10, while pro-
viding enough flow resistance to keep the pressure within the
chamber 10 at a suitable level. Typically, the pressure within
the chamber 10 is maintained within a range of from about 1
pound/square inch (psi) to about 10 psi.

Once the carrier component of the delivery system is pro-
duced, the carrier component is contacted with a substrate. In
one embodiment, examples of substrates that will benefit
from the functional compounds delivered by the delivery
system include substrates such as woven and non-woven
materials made from a polyolefin polymer such as polypro-
pylene, polyethylene, polyester, and the like. These substrates
are thenused in products such as child care articles, face mask
fabrics, air filtration fabrics, medical gowns, medical drapes,
wipes, hand towels, facial tissue, bath tissue, transdermal
delivery devices, wound dressings, automobile covers, boat
covers, and deck furniture.

Although not needed, in some embodiments, it may be
desirable to pre-treat or post-treat the polymeric substrates
which may further serve to affix the carrier component of the
delivery system to the materials. For example, substrates
made from synthetic polymers can undergo a pretreatment
process for increasing the negative surface charge. In one
embodiment, such pretreatment processes include subjecting
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the substrate to a corona treatment or to an electret treatment.
An electret treatment, for example, is disclosed in U.S. Pat.
No. 5,964,926 issued to Cohen, which is incorporated herein
by reference in its entirety. Such pretreatments have been
found not only to increase the negative surface charge of
polymeric materials, but also assist in wetting out the polymer
and enhancing surface adhesion between the polymer and the
carrier component of the delivery system of the present dis-
closure.

In addition to pretreatment processes, substrates contacted
with the carrier components can also undergo various post
treatment processes which further serve to affix the compo-
nents to the substrate. For example, once the carrier compo-
nent has been contacted with the substrates, the substrates can
be subjected to radio frequency radiation or to microwave
radiation. Adsorbents, such as alumina, are known to adsorb
radio frequency and microwave radiation causing the carrier
components to heat. Once heated, it is believed that the com-
ponents become further embedded into the polymeric sub-
strate. Further, the particles can be heated without also heat-
ing the substrate to higher than desired temperatures.

In another embodiment, the substrate is the skin of a
patient. Specifically, the carrier component can be combined
with a lotion or formulation for transdermal use. For example,
the carrier component can contain a UV absorber and be
combined with a skin care formulation to be used as a sun-
screen lotion or sunblock.

In yet another embodiment, the substrate is tissue inside of
the body of a patient, such as an organ or muscle. In such
embodiments, the carrier component can be administered to
the patient orally, parenterally, intraperitoneally, intrave-
nously, or intradermally. In one particular embodiment, the
carrier component of the delivery system can be used with
capsules, tablets, pills, powders, and granules for oral admin-
istration. In such solid dosage forms, the carrier components
are ordinarily combined with one or more adjuvants appro-
priate to the indicated route of administration. If administered
in capsules or tablets, the carrier components can be admixed
with lactose, sucrose, starch powder, cellulose esters of
alkanoic acids, cellulose alkyl esters, talc, stearic acid, mag-
nesium stearate, magnesium oxide, sodium and calcium salts
of'phosphoric and sulfuric acids, gelatin, acacia gum, sodium
alginate, polyvinylpyrrolidone, and or polyvinyl alcohol, and
then tableted or encapsulated for convenient administration.
Such capsules or tablets can contain a controlled-release for-
mulation such as can be provided in a dispersion of the carrier
component in hydroxypropylmethyl cellulose. In the case of
capsules, tablets, and pills, the delivery systems can also
comprise buffering agents such as sodium citrate, or magne-
sium or calcium carbonate or bicarbonate. Tablets and pills
can additionally be prepared with enteric coatings.

Liquid dosage forms for oral administration can include
pharmaceutically acceptable emulsions, solutions, suspen-
sions, syrups, and elixirs containing inert diluents commonly
used in the art, such as water. Such delivery systems can also
comprise adjuvants, such as wetting agents, emulsifying and
suspending agents, and sweetening, flavoring, and perfuming
agents.

In another embodiment, the delivery systems containing
the carrier components can be injected into the patient for the
purpose of delivering the functional compounds. Depending
upon the carrier component used, the component can be con-
tacted with the patient parenterally, intraperitoneally, intratu-
mor, or intrapleural. The term parental as used herein includes
subcutaneous, intravenous, intramuscular, or intrasternal
injection, or infusion technique.
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Injectable delivery system preparations, for example ster-
ile injectable aqueous or oleaginous suspensions, can be for-
mulated according to the known art using suitable dispersing
or wetting agents and suspending agents. Among the accept-
able vehicles that may be employed are water, Ringer’s solu-
tion, and isotonic sodium chloride solution. In addition, ster-
ile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose, any bland fixed oil
may be employed, including synthetic mono- or diglycerides.
In addition, fatty acids such as oleic acid are useful in the
preparation of injectables. Dimethyl acetamide, surfactants
including ionic and non-ionic detergents, and polyethylene
glycols can also be used. Mixtures of solvents and wetting
agents discussed herein are also useful.

In one specific injectable embodiment, the delivery system
is administered parentally. Formulations for parenteral
administration can be in the form of aqueous or non-aqueous
isotonic sterile injection solutions or suspensions. These solu-
tions and suspensions can be prepared from sterile powders or
granules having one or more of the diluents mentioned for the
use in the formulations for oral administration. The carrier
components can be dissolved in water, polyethylene glycol,
propylene glycol, ethanol, corn oil, cottonseed oil, peanut oil,
sesame oil, benzyl alcohol, sodium chloride, and/or various
buffers. Other adjuvants and modes of administration are well
and widely known in the pharmaceutical art.

Additionally, as noted above, the bound functional com-
pound in the delivery system can be used with or without a
triggerable release. In one embodiment, the functional com-
pounds can be selectively released by an environmentally
created pH trigger, such as by either a basic or acidic envi-
ronmental condition. For example, the functional compound
can be an antifungal compound that is released in the basic/
alkaline environment of a vagina with a yeast infection. In
another example, the functional compound is an anti-micro-
bial to treat an infection in the basic environment of the small
intestine after it has passed through the acidic environment of
the stomach.

Other triggering mechanisms can suitably include expo-
sure to changes in temperature, moisture, chemical stimuli,
body exudates, and combinations thereof.

Inview of the above, it will be seen that the several objects
of'the disclosure are achieved and other advantageous results
obtained.

When introducing elements of the present disclosure or the
preferred embodiment(s) thereof, the articles “a”, “an”, “the”
and “said” are intended to mean that there are one or more of
the elements. The terms “comprising”, “including” and “hav-
ing” are intended to be inclusive and mean that there may be
additional elements other than the listed elements.

As various changes could be made in the above without
departing from the scope of the disclosure, it is intended that
all matter contained in the above description and shown in the
accompanying drawings shall be interpreted as illustrative
and not in a limiting sense.

What is claimed is:

1. A process of delivering functional compounds to a sub-
strate, the process comprising:

energizing an adsorbent with ultrasonic energy using an

ultrasonic treatment system comprising an inlet end, an
outlet end, and an ultrasonic waveguide assembly,
wherein the ultrasonic waveguide assembly is a horn
assembly comprising a horn member comprising two or
more agitating members connected to the horn member
and extending at least in part transversely outward from
the outer surface of the horn member in longitudinally
spaced relationship with each other, the agitating mem-
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bers and the horn member being constructed and
arranged for dynamic motion of the agitating members
relative to the horn member upon ultrasonic vibration of
the horn member such to create a nodal region of the
horn member; wherein the adsorbent is selected from the
group consisting of alumina, silica, activated carbon,
zeolites and combinations thereof;,
wherein the ultrasonic energy is produced by the ultrasonic
waveguide assembly that is ultrasonically excited at a
frequency of from about 15,000 Hz to about 100,000 Hz;

introducing a fluid comprising at least one functional com-
pound through the inlet end at a flow rate of from about
100 ml/min to about 20 L/min; wherein the at least one
functional compound is selected from the group consist-
ing of pharmaceuticals, xenobiotics, therapeutic agents,
nutritional agents, anti-viral agents, anti-microbial
agents, UV absorbers, signal agents, and combinations
thereof; wherein the fluid is at a temperature of from
about 20° C. to about 90° C. and has a pH of from about
2.0 to about 10.0;

adsorbing the at least one functional compound to the
surface of the energized adsorbent to form a carrier
component of a delivery system, wherein the adsorbing
step is conducted for a period of from about 10 seconds
to about 10 minutes;

removing the carrier component through the outlet end;

wherein the pressure within the ultrasonic treatment sys-
tem is from about 1 psi to about 10 psi; and

contacting the carrier component with a substrate; wherein

the substrate is selected from the group consisting of a
product comprising a polyolefin polymer, the skin of a
human or animal, and tissue inside a body of a human or
animal.

2. The process as set forth in claim 1 wherein the adsorbent
is alumina, the alumina being in the form of a particle selected
from the group consisting of alumina particles and alumina
covered particles.

3. The process as set forth in claim 2 wherein the particles
have a particle size of from about 5 nanometers to less than
500 microns.

4. The process as set forth in claim 1 wherein the ultrasonic
energy is produced by the ultrasonic waveguide assembly that
is ultrasonically excited at a frequency of from about 20,000
Hz to about 40,000 Hz.

5. The process as set forth in claim 1 wherein the horn
member is an elongated cylindrical horn member.

6. The process as set forth in claim 1 wherein the ultrasonic
treatment system is a continuous ultrasonic treatment system.

7. The process as set forth in claim 6 wherein the ultrasonic
treatment system further comprises an ultrasonic treatment
chamber enclosing the horn member.

8. The process as set forth in claim 1 wherein the adsorbing
step takes place in a batch process.

9. The process as set forth in claim 1 wherein the adsorbing
step is conducted for a period of from about 5 minutes to
about 10 minutes.

10. The process as set forth in claim 1 wherein the substrate
is a woven or non-woven material made from a polyolefin
polymer.

11. The process as set forth in claim 10 further comprising
pre-treating the substrate prior to contacting the carrier com-
ponent with the substrate.

12. The process as set forth in claim 10 further comprising
post-treating the substrate subsequent to contacting the car-
rier component with the substrate.

13. The process as set forth in claim 1 wherein the substrate
is tissue inside of the body of a patient.
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14. The process as set forth in claim 1 wherein the func-
tional compound is selected from the group consisting of
pharmaceuticals and signal agents.

15. The process as set forth in claim 1 wherein the func-
tional compound is selected from the group consisting of 5
hydrocortisone, tetracycline, salicylanilide, albofungin, an
anthraquinone dye, baicalin hydrate, baicalein, daunorubicin,
salicylamide, salacetamide, salsalate, ascorbic acid, aspar-
tame, salicylaldehyde and a UV absorber.
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